Lemna paucicostata Hegelm. 6746 possesses specific systems for uptake of choline and ethanolamine. Each is distinct from the six other systems for uptake of organic compounds so far identified in this plant. Both systems show biphasic kinetics, so that uptake by them can be described as the composite result of two Michaelis-Menten processes. Inhibitor studies are reported which indicate the very strict structural specificity of each system. The kinetic constants of choline uptake are such that, at an external concentration of 0.65 micromolar, the total requirement of the plant for this compound would be met, 41% via the high affinity system and 59% via the lower. At an external concentration of 2.4 micromolar ethanolamine, an amount of this compound sufficient to form the total choline of the plant would be supplied, 59% via the high affinity system and 41% via the lower. These, and other observations, strongly support the physiological importance of these systems under natural conditions. radioactive medium. This was followed by a 20-min washout incubation in nonradioactive medium. Plant samples were then harvested and the radioactivity in TCA-soluble and -insoluble fractions measured (2). Uptake is expressed as clearance (i.e. velocity . substrate concentration) (4), in units of nl/frond-min. Frond-d, calculated as described (1), was multiplied by 1440 to obtain frond-min. Estimates of clearance and of extent of inhibition of uptake were made by measuring uptake from solutions of specified concentration. Clearance as a function of substrate concentration was measured by increasing substrate concentration by addition of nonradioactive substrate.
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When uptake was measured as disappearance of radioactivity from the medium, plants were inoculated into 600 ml medium containing the specified concentration of '4C-labeled substrate. At suitable intervals, frond number was determined and medium was sampled for determination of radioactivity, allowing calculation ofclearance for each interval. Inoculum size and sampling intervals were chosen so that there was no more than a 10% decrease in substrate concentration due to uptake during each interval.
In a recent survey of the capacity of Lemna paucicostata to take up organic compounds, it was found that this plant possesses specific and distinct systems for the transport of eight groups of organic compounds (4) . Among these is a system which transports ethanolamine, and another which transports choline. Here we report the results of further studies of these two transport systems, providing data upon their kinetic parameters and their specificities. It two systems for choline transport there is no region of substrate concentration in which the high affinity system can be measured free of a major contribution from the lower affinity system. In practice, this means that the kinetic constants for the high affinity choline system are subject to relatively large uncertainties, and the values reported here should be used accordingly.
The specificities of the uptake systems were studied by measuring the ability of various structural analogs to [4] ). In our standard method, initial rates of uptake of choline and ethanolamine (assayed as accumulation of radioactivity in the plants) were measured (Table I; 4). The initial rates were found to reflect the long-term uptakes (assayed as disappearance of radioactivity from the medium) of these compounds (Table I) . It was shown earlier (4) that the transported compounds were choline and ethanolamine rather than radiolabeled impurities, and that these compounds were rapidly metabolized. After incubations as short as 3 to 5 min, 40 to 90% of the compounds taken up had been converted to the phosphorylated derivatives. (The presence of methylated derivatives of ethanolamine or phosphoethanolamine was not excluded.)
Our results demonstrate the presence in Lemna ofboth choline and ethanolamine uptake systems. The two systems are functionally independent of each other and of the six other systems for uptake of organic compounds thus far identified in this plant (Table II; 4) . Both systems exhibit complex kinetics, indicating the presence in both instances of high affinity and lower affinity systems ( Figs. 1 and 2 0.65 gM choline, the total choline needs of the plant would be met, 41% via the high affinity system and 59% via the lower affinity system. At a concentration of 2.4 Mm ethanolamine, the ethanolamine requirement would be met, 59% via the high affinity system and 41% via the lower affinity system.
To determine the specificities of the two systems, inhibitor studies were performed. Choline was tested at 0.65 Mm, the concentration at which the plants' needs would be met (41% uptake via the high affinity system) and also at 0.1 Mm (57% uptake via high affinity system). Ethanolamine was tested at 0.1 ,uM (where the high affinity uptake system predominates [86%])
as it does at 2.4 Mm, the concentration at which the plants' needs would be met. These studies showed that for transport of both choline and ethanolamine, modification or substitution of either the -CH20H moiety or the N-containing moiety decreases affinity for the uptake systems (Table II) . (The results were similar whether choline was present at 0.1 or 0.65 Mm.) Variation in the number of methyl groups on the N-containing moiety, in particular, shows the highly specific and mutually exclusive specificity of the two systems. The system transporting choline has decreasing affinity for analogs as methyl groups are removed from the trimethylammonium moiety (affinity for choline > N,N-dimethylethanolamine > N-methylethanolamine > ethanolamine). The system transporting ethanolamine exhibits the opposite behavior. It has little affinity for the tri-and dimethyl analogs, but some affinity for the monomethyl analog. For choline transport, affinity is decreased by oxidation ofthe -CH20H moiety to the corresponding aldehyde and virtually abolished by further oxidation to the oxyacid (betaine). Phosphorylation of choline also leads to reduced affinity. For ethanolamine transport, modification of the amine moiety by the aforementioned substitution with methyl groups or by replacement with OH (ethylene glycol) or SH (2-mercaptoethanol) greatly reduces affinity. Conversion ofthe -CH20H moiety to a carboxyl abolishes affinity (glycine), whereas phosphorylation has less effect (phosphoethanolamine) and reduction to methyl (ethylamine) has even less effect. Increase in chain length by one carbon (3-amino-1-propanol) has much less effect on affinity than does introduction of a side chain carboxyl carbon (L-serine).
There have been few, if any, previous studies of transport of choline and ethanolamine in higher plants. Transport of these compounds has been studied in detail in diverse animal tissues (e.g. 7, 9, 10, 12 and references therein). Lemna transport of choline appears to differ considerably from that of animal cells, but is similar to that ofSaccharomyces cerevisiae (8) with respect to Km and carrier specificity.
Even when external concentrations of these compounds are high, neither transport system is strongly down-regulated (Table  I) . A possible explanation of this observation is that the concentrations of these compounds encountered in the environment are not so high as to provide toxic amounts even at maximal rates of uptake.
The kinetic properties of the specific transport systems for choline and ethanolamine are such that significant amounts will be taken up by the plant even at low external concentrations of these compounds. When both compounds are present in the environment, neither interferes with the uptake of the other. Both choline and ethanolamine, once taken up, are rapidly metabolized (4 Lacking such data, no unequivocal judgment may be made as to the contribution of these transport systems to the needs of the plant under natural conditions. Nevertheless, the kinetic and specificity properties of these transport systems, described here, together with the capacity of the plants to respond to exogenous choline, combine to suggest these systems will ultimately be found to be of physiological importance.
